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Abstract 

Bulk atmospheric deposition samples using Amberlite IRA- 743 as an absorbent for hydrophobic 

pollutants were taken every two months for one year at two different locations in northern 

Sweden.  A method was developed for the analysis of various legacy and emerging POPs in 

these samples based on GC-HRMS.  Two current use pesticides and four flame retardants, which 

have scarcely or never been detected in the arctic, were detected in the samples: trifluralin, 

chlorothalonil, TBECH, HBB, BTBPE, and Dechlorane Plus.  Legacy compounds including 

isomers of HCH, PCBs, DDT and metabolites, and chlordane related compounds were quantified 

in levels comparable to similar studies.  The method showed reasonable recoveries for all 

compounds except endosulfan, HBB, BTBPE, lindane, and highly chlorinated PCBs.  It is 

recommended that the method be optimized for the compounds with low recoveries if it is to be 

used again. 

 

  



 

 

List of abbreviations 

 

BFR    brominated flame retardant 

BTBPE   1,2-bis (2,4,6-tribromophenoxy) ethane                  

CUP    current use pesticide 

DCM    dichloromethane 

DDT    dichlorodiphenyltrichloroethane 

DP    dechlorane plus 

DPTE   2,3-dibromopropyl-2,4,6-tribromophenyl ether 

GC-HRMS   gas chromatography – high resolution mass   

     spectrometry 

HBB    hexabromobenzene 

HCH    hexachlorocyclohexane 

HPVC   high production volume chemical 

LRAT   long range atmospheric transport 

NFR    novel flame retardant 

PBDEs   polybrominated diphenyl ethers 

PCB    polychlorinated biphenyl 

PLE    pressurized liquid extraction 

POP    persistent organic pollutant 

TBB    2-ethylhexyl 2,3,4,5-tetrabromobenzoate 

TBECH   1,2-dibromo-4-(1,2-dibromoethyl)cyclohexane 
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1. INTRODUCTION 

1.1 PERSISTENT ORGANIC POLLUTANTS IN THE ARCTIC 
 

Persistent Organic Pollutants (POPs) are carbon-based compounds that are persistent, 

bioaccumulative, toxic, and widely distributed in the environment through Long Range 

Atmospheric Transport (LRAT) [1].   The Arctic is an ideal indicator region for POPs because it 

is far from sources of these pollutants [2].  Thus, detection of a compound in abiotic arctic media 

is a good indication that the compound fulfills the persistence and distribution criteria of 

becoming a POP and detection in arctic biota is a good indication of bioaccumulation.   Some 

POPs have been detected in the Arctic for more than forty years.  While most “legacy” 

compounds have been out of use or under restricted use for many years, their existence in the 

Arctic persists due to their resistance to degradation and continued transport from secondary 

sources such as contaminated soil and water.  The legacy compounds that were examined in this 

study include polychlorinated biphenyls (PCBs), dichlorodiphenyltrichloroethane (DDT) and its 

metabolites, 1,2,4,5,6,7,8,8-octachloro-2,3,3a,4,7,7a- hexahydro-4,7-methano-1H-indene 

(chlordane) and compounds related to chlordane, and four isomers of hexachlorocyclohexane 

(HCH).  The structures of these compounds are displayed in Figure 1 below. 

 

Figure 1 - General structure of legacy POPs included in this study 
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Along with the monitoring of legacy compounds, the aim of this study was to screen for 

emerging POPs.  While most of the legacy POPs are pesticides, many of the emerging POPs 

come from a class of compounds used as flame retardants, especially brominated flame 

retardants (BFRs).  Several BFRs can be found ubiquitously in the Arctic, however, typically at 

lower concentrations than legacy chemicals such as PCBs [3].  Polybrominated diphenylethers 

(PBDEs) are a group of well-studied and well documented BFRs found in both biotic and abiotic 

arctic samples.  The two most common mixtures of PBDEs (penta and octa) have been banned in 

Europe since 2004 and were voluntarily discontinued in the US in 2005 [4].  They were added to 

the Stockholm Convention in 2009.  However, replacements for the PBDEs often exhibit many 

of the same physical-chemical properties as their predecessors and thus have the potential to 

become POPs[4].  These compounds have been designated novel flame retardants (NFRs).  

NFRs included in this study were hexabromobenzene (HBB), 1,2-dibromo-4-(1,2-

dibromoethyl)cyclohexane (TBECH), 1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE), and 2,3-

dibromopropyl-2,4,6-tribromophenyl ether (DPTE), 2-ethylhexyl 2,3,4,5-tetrabromobenzoate 

(TBB), and Dechlorane Plus (DP).  The structures of these compounds are displayed in Figure 2 

below. 

 

Figure 2 - NFRs included in this study 

Pesticides are particularly likely to become POPs because they are designed to exhibit toxic 

effects on at least some organisms, require some degree of persistence to be effective, and are 

directly input into the environment in large quantities [5].  For these reasons, current use 

pesticides (CUPs) are also monitored in the Arctic even though CUPs are designed with reduced 
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environmental persistence compared to the legacy POPs.  Three CUPs were included in this 

project: trifluralin, chlorothalonil, and endosulfan (Figure 3).  Of particular interest is endosulfan 

because, at the beginning of this project, it had been recommended for inclusion in Annex A of 

the Stockholm Convention [1].  By the end of the project the action had been approved, making 

endosulfan the latest compound to be named a POP under the Convention. 

 

Figure 3 - CUPs included in this study 

 

1.2 A BRIEF BACKGROUND ON THE COMPOUNDS INCLUDED IN THIS 

STUDY 
 

1.2.1 LEGACIES 
 

PCBs 

PCBs are industrial chemicals that have been produced commercially as far back as the 1930s 

[6].  Their existence in the Arctic has been well studied.  Norheim [7] reported PCBs in arctic 

foxes (Alopex lagopus) as far back as 1973.  PCBs were banned in the US in 1979 and listed as 

POPs under the Stockholm Convention in 2001, however, world-wide production before this has 

been estimated to be around 1.5 million tons [1, 6].  Today, PCBs are continuously monitored in 
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air at four important arctic research stations: Alert (Canada), Pallas (Finland), Storhofdi (Iceland) 

and Zeppelin (Svalbard/Norway) [8].  There are 209 PCB congeners; however this study, along 

with many other studies, chose to monitor only seven “indicator” PCBs (IUPAC congener 

numbers 28, 52, 101, 118, 138, 153, and 180).   

HCH 

HCH is the most abundant organochlorine pesticide in arctic air and water [9].  Technical HCH 

contains multiple isomers, however, its use today is very restricted and limited to specific uses in 

a few countries to the γ isomer, also known as lindane.  Severe restrictions have been placed on 

the α isomer since the 1970s and as of 2009, α, β, and γ are listed under Annex A of the 

Stockholm Convention [1].  Levels of α-HCH have declined in the arctic in accordance with 

global restrictions but α-HCH is still present in the Arctic [10].  As of 2002, γ-HCH only 

accounted for 15-20% of the total HCHs in arctic air [11].   Lindane is separated from technical 

HCH and for every ton of lindane produced, approximately 6-10 tons of other HCH isomers are 

produced [1].   

DDT 

DDT was one of the first POPs shown to have negative effects on biota and still one of the most 

well-known POPs thanks to Rachael Carson and her famous book Silent Spring in 1962.  DDT’s 

use has been restricted in many countries since the 1970s and is listed under Annex B in the 

Stockholm Convention which means that parties must take measures to restrict its use [1].  Still, 

AMAP lists DDT as one of the major organochlorine contaminant found in arctic air.[11]  In 

biota, DDT has been reported in vegetation, herbivores, birds of prey, arctic foxes, wolverines, 

reindeer, fish, and marine mammals.  Due to its tendency to bioaccumulate, DDT is found in 

increasing concentrations with higher trophic levels.  Along with DDT, metabolites DDE and 

DDD can be found in the Arctic and all three compounds can have the two chlorines on the 

aromatic rings substituted in either the para or ortho position.  The compounds included in this 

study were p,p’- and o,p’-DDT, p,p’- and o,p’-DDE, and p,p’- and o,p’-DDD. 

Chlordane 

Chlordane was used as an insecticide for approximately fifty years until it was effectively 

removed from the market in 1997 [12].  It is now listed under Annex A of the Stockholm 

Convention meaning that parties must take measures to eliminate the production and use of this 

compound [1].  Technical chlordane consists of over 140 compounds [13], of which only the 

major components were included in this study, namely chlordane, heptachlor, nonachlor, and 

metabolites heptachlor-exo-epoxide and oxychlordane. 

Chlordane levels in arctic air showed a steady decline throughout the 1990s[11].  Bidleman et al. 

[12] found a decreasing enantiomeric fraction of trans-chlordane over a 30 year time period in 

arctic air and an arctic lake sediment core.  Preferential loss of one enantiomer is indicative of 
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metabolism in soil suggesting that a contributing source of chlordane to the atmosphere is 

revolatilization from soil.  Chlordane is bioaccumulative so it is no surprise that it has been 

reported in both polar bears (Ursus maritimus) and arctic foxes (Alopex lagopus) [11, 14]. 

1.2.2 CUPS 
 

Trifluralin 

Trifluralin is a high production volume chemical (HPVC, >1000 tons/year globally) with a 

global annual production estimated between 8,700 and 10,500 tons per year [5].  Detection of 

trifluralin has been reported several times in air, water, marine and terrestrial biota in the Arctic, 

however, nearly every time it is reported as being near the limit of detection.  Trifluralin was 

reported by Jantunen et al. in 2007 [15] at 0.2–0.91 pg/m
3
 in air samples taken around the 

Labrador Sea, between Canada and Greenland.  Trifluralin has also been reported at low levels 

(0.04 ng/g d.w.) in sediments from  two lake sites on Bjørnøya in the Barents Sea near Svalbard 

[5].  Detection of trifluralin at these two locations indicates its potential for LRAT.  At the time 

of this writing, trifluralin has been proposed to be added to the United Nations Economic 

Commission for Europe list of POPs but it is not yet under consideration for the Stockholm 

Convention. 

Chlorothalonil 

Chlorothalonil is an HPVC used as a fungicide with a global annual production estimated 

between 3600 and 5000 tons per year.  It has been identified in surface water, ice and fog 

samples in the Arctic [5].  No reports of its occurrence in arctic biota exist to the knowledge of 

this author. 

Endosulfan 

 

Endosulfan is the most abundant CUP that will be discussed in this review. Αlpha-endosulfan is 

one of the most abundant organochlorine pesticides found in arctic air, typically second only to 

HCH [9].  In April 2011, representatives from 127 governments agreed to list endosulfan in 

Annex A of the Stockholm Convention, making it the 22
nd

 POP to be included in Annex A [1].   

Endosulfan exists as two isomers, α and β, and two degradation products, endosulfan sulfate and 

endosulfan diol [9].  The β-endosulfan isomer can undergo irreversible conversion to the α 

isomer.  Weber et al. [9] recommended reporting total endosulfan content (∑endosulfan) because 

the degradation products, especially endosulfan sulfate, are persistent. Endosulfan is reported in 

relatively strong concentrations in air, as mentioned, and is shown to bioaccumulate in marine 

mammals such as beluga whales (Delphinapterus leucas) and ringed seals (Phoca hispida) but 

little research is reported on its existence in terrestrial arctic animals [11].   
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1.2.3 NFRS 
 

Hexabromobenzene (HBB) 

HBB has been used mostly in Japan as a flame retardant for paper, plastic, and electronics [3].  

Its production was estimated to be 350 tons in 2001.  HBB has been detected in egg yolk and 

plasma of male and female glaucous gulls (Larus hyperboreus) collected in 2006 from Bjørnøya 

in the Norwegian Arctic as well as arctic sea birds and polar bears. 

1,2-Dibromo-4-(1,2-dibromoethyl)cyclohexane) (TBECH) 

TBECH is an additive flame retardant with multiple applications but its most common use is in 

expandable polystyrene beads which are used in construction materials as thermal insulation 

[16].  It can exist as four isomers, however, only two of these are present in technical TBECH: α 

and β.  Reports regarding the volume of its production are extremely inconsistent, ranging from 

4.5 to 453 tons in a given year.  Little has been reported about TBECH in the arctic except in a 

2008 article by Tomy et al.[16] in which they detected β-TBECH in 17 out of 29 blubber 

samples of arctic beluga.  TBECH has been shown to bioaccumulate in zebra fish (Danio rerio) 

[17] and Muir and Howard [18] put it high on their list of existing substances with potential for 

LRAT based on estimates of atmospheric oxidation half-life and Kaw. 

1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE) 

BTBPE is an additive flame retardant used in polystyrenes, thermoplastics, and thermoset resins 

[3]. Worldwide production was estimated to be 16710 tons in 2001.  BTBPE is truly an emerging 

environmental pollutant.  Only in the past few years has it been reported in the environment in 

various places.  Xiao et al. [19] reported BTBPE in arctic air over Alert, Canada as well as the 

Tibetan Plateau.  Although no research was found reporting BTBPE in arctic biota, Karlsson et 

al. [20] reported in 2006 finding BTBPE in eggs from northern fulmars (Fulmarus glacialis) in 

the Faroe Islands, indicating its potential for LRAT.  Although Karlsson et al. detected BTBPE 

in all samples but one, they suspected that the levels in the eggs might be low compared to other 

animals elsewhere and urged others to further investigate the occurrence of BTBPE in the 

environment. 

2,3-dibromopropyl-2,4,6-tribromophenyl ether (DPTE) 

 Very little has been reported about DPTE and in fact, very little information is available about 

this flame retardant.  Von der Recke and Vetter [21] reported in 2007 successfully synthesizing 

and identifying DPTE in blubber and brain samples of hooded seals (Cystophora cristata) and 

harp seals (Phoca groenlandica) from the Barents and Greenland Seas.  They measured the 

concentrations of DPTE in blubber and brain as being as high as 470 and 340 µg/kg wet weight, 

respectively.  The authors speculate that DPTE has been in production since the mid 1970s 

because that is when the patent is registered.  There are no known estimates of production 
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volumes.  The first report of DPTE in arctic abiotic samples came from Möller et al. in 2011 [22] 

who detected it in air and sea water from the East Greenland Sea.  They speculate that Western 

Europe is a source of this pollutant and that it could be emitted to and transported throughout the 

environment in equal or higher concentrations than PBDEs. 

Dechlorane Plus (DP) 

DP is a highly chlorinated flame retardant that has been used for 40 years in the United States for  

coating electrical wires and cables, in computer connectors and in plastic roofing material [23].  

Detection of DP in the environment, however, has only been recently reported and Möller et al. 

[23] are the only ones who have reported finding it in the arctic and in the marine environment to 

the knowledge of this author.  Möller et al. did however quantify DP in air from East Greenland 

Sea and in the northern and southern Atlantic toward Antarctica.  The finding of DP in remote 

arctic air is an important discovery because it reveals DP’s potential for LRAT. 

2-ethylhexyl 2,3,4,5-tetrabromobenzoate (TBB) 

TBB is a nascent pollutant about which little is known.  It is used in a mix called Firemaster 550, 

produced by Chemtura Chemical Corporation as a replacement for penat-BDE, but no 

production quantities are available [24].  TBB has been quantified in household dust in 

concentrations up to 15 µg/g in the eastern US [25].  Perhaps the most interesting data on TBB, 

however, comes from a recent multimedia study that sampled throughout Scandinavia in both 

rural and urban locations.  TBB was detected in 92 percent of air samples, 25 percent of 

sediment samples, 77 percent of sludge samples, and 57 percent of biotic samples [26]. In a 

related study focusing on arctic biota, TBB was reported in 66 out of 70 samples of 7 different 

arctic species [27]. 

1.3 SELECTION OF MATERIALS AND METHODS FOR SAMPLING AND 

ANALYSIS 
 

Analyzing any environmental matrix generally involves the same basic steps displayed in the left 

side of Figure 4 below.  Depending on a number of factors such as the physical-chemical 

properties of the analytes, the matrix, budget, study objectives, etc., various options are available 

that accomplish the objectives of each stage of the procedure.  The right side of Figure 4 displays 

what was used for each stage in this study.  The reasons for each choice and the theory behind 

their ability to complete our study objectives are explained thereafter. 
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Figure 4 - Diagram of generalized analytical procedure and methods chosen for this study. 

1.3.1 ATMOSPHERIC DEPOSITION SAMPLING USING AMBERLITE 
 

Atmospheric deposition sampling is a method to measure the transfer of pollutants from air to 

soil or water.  This is especially relevant to areas far from point sources, such as the Arctic, 

where contamination occurs via the grasshopper effect consisting of one or more cycles of 

deposition and re-volatilization [28-30].  Atmospheric deposition to land can occur as wet 

deposition, in which the contaminants are scavenged from the atmosphere in precipitation, or as 

dry deposition, in which the contaminants are adsorbed to particles or debris that settle out of the 

atmosphere [31].  A bulk atmospheric deposition sampler was employed for this study (Figure 5 

below) that collects both dry and wet deposition to give total atmospheric deposition time 

integrated over the entire sampling period.  The sampler consists of a funnel leading into a 

borosilicate glass tube containing an adsorbent through which the liquid portion of the sample 

(wet atmospheric deposition) is percolated while particles and debris (dry deposition) are 

retained on top.  The funnel is heated slightly (above freezing) to melt snow. 
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Figure 5 - Atmospheric deposition sampler used.  Figure from ref [32] 

The adsorbent used was Amberlite IRA-743, a macroporous polystyrene coated with N-

methylglucamin that has been shown to be effective at absorbing polycyclic aromatic 

hydrocarbons and polybrominated diphenyl ethers [28, 32].  Its efficiency at adsorbing emerging 

POPs is thought to be similar to known POPs because they share many of the same physical-

chemical properties, the most important of which is Kow.  At the end of the sampling period, all 

atmospherically deposited contaminants are contained either adsorbed to the Amberlite from wet 

deposition or stuck on top in form of particles or debris. 

1.3.2 PRESSURIZED LIQUID EXTRACTION 
 

Pressurized Liquid Extraction (PLE) is a method of extracting analytes from a sample employing 

elevated temperatures and pressures to reduce time and solvent consumption when compared to 

the more commonly used Soxhlet extraction [33].  The sample is placed inside a specially made 

stainless steel cell that is fit with screw caps on either side that allow for input of solvent through 

the top cap and output of the extract through the bottom cap.  The PLE instrument fills the cell 
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with solvent at a temperature specified by the user.  The instrument continues to pump solvent 

into the cell until the internal pressure is approximately 1500 pounds per square inch (psi).  At 

this point, the cell is kept at a static state for a time specified by the user, usually 5 to 10 minutes.  

The elevated temperature increases analyte solubility, decreases solvent viscosity, and disrupts 

any analyte-matrix interactions that might be occurring.  The increased pressure allows the user 

to use solvents above their boiling point and allows the solvent to penetrate the pores of the 

matrix more effectively.  After the static time, the solvent is flushed from the cell with a small 

amount of fresh solvent and the process can be repeated any number of times.  After the last 

cycle, the cell is purged with nitrogen gas at 150 psi.  The advantages of elevated temperatures 

and pressures employed in PLE result in a quicker and less time consuming extraction with equal 

or higher recoveries for most analytes than conventional Soxhlet extraction. 

1.3.3 FLORISIL 
 

The purpose of a cleanup step is to remove compounds in the matrix that may interfere with the 

analytes of interest.  The most common way to achieve this is through the use of column 

chromatography, often adsorption chromatography [34].  Various adsorbents can be used such as 

silica, alumina, magnesium silicates, or a combination of them.  These adsorbents have -OH and 

=O functional groups on their surfaces which interact with polar compounds to a greater degree 

than non-polar compounds.  Fractionation is also an option during a column chromatography 

step where analytes can be separated into different fractions by exploiting their differences in 

polarity and thus their affinities for the adsorbent.  This is accomplished by changing the elution 

solvent polarity, starting with an apolar solvent then using a more polar solvent or a mix.  Less 

polar compounds will elute with the apolar solvent while more polar compounds will be retained 

on the column until the solvent is changed to a more polar one. 

Florisil is a magnesium silicate with basic properties that has been used for the cleanup of 

pesticide residues and numerous other compounds [35].  Florisil is hygroscopic and therefore 

must be activated before use by heating at high temperatures for extended periods of time.   This 

allows the analyst to then deactivate it to a chosen degree by adding a small amount of water, 

which is typically reported as a percentage of the total weight of the deactivated Florisil.  

1.3.4 GAS CHROMATOGRAPHY - HIGH RESOLUTION MASS SPECTROMETRY 
 

Gas chromatography coupled with mass spectrometry is a very common and very powerful 

method of instrumental analysis.  However, detection of analytes using their exact mass rather 

than nominal mass provides a much higher degree of certainty for positive identification of new 

organic pollutants.   

Resolution in mass spectrometry is defined as the mass of a fragment divided by the mass 

difference of two adjacent peaks that are said to be resolved: 



11 

 

1)    
 

  
 

Two peaks are resolved when the height of the valley between them is no more than a given 

fraction of the height of the peaks.  Thus, when speaking of resolution with regard to mass 

spectrometry, the resolution is dependent on the height of the valley relative to one of the peaks 

or the average of the two peaks which it separates.  Ten percent is a commonly accepted valley 

height to say that two peaks are resolved.  Because of its dependence on valley height, resolution 

should always be reported along with the height percentage of the valley that used to calculate 

resolution. 

The nominal mass of a compound is the sum of all the protons and neutrons contained in that 

compound.  Each proton and neutron is assumed to have a mass of exactly one dalton.  However, 

when multiple protons are contained within one nucleus, a small portion of the mass must be 

converted into energy to overcome the repulsion of protons from one another.  This energy 

manifests itself as a force, known as the nuclear strong force.  The amount of energy required to 

overcome this repulsion is known as the binding energy and is dependent on the number of 

protons and neutrons in a nucleus.  The amount of mass converted to create this energy is known 

as the mass defect and can be calculated by Einstein’s equation: 

2)         

According to this equation, binding energy and mass defect are proportional and thus larger 

nuclei tend to have larger mass defects because more energy is required by the nuclear strong 

force to hold the nuclei together.  Chlorine and bromine atoms have significant mass defects so 

HRMS is especially useful to analyze molecules that contain these halogens. 

For most analytical purposes, resolving the nominal masses of fragments is sufficient.  This is 

referred to as unit resolution and can provide a vast amount of information about an analyte, 

especially if the mass selector is set to scan a range of masses.   

To resolve mass fragments that have the same nominal mass, a resolution much higher than unit 

resolution is required.  Two instruments used to achieve such a resolution are time of flight mass 

spectrometers and double-focusing magnetic sector high resolution mass spectrometers.  These 

instruments can achieve resolutions of over 10,000 at five percent valley height.  A double-

focusing magnetic sector instrument was used in this study.  This instrument achieves high 

resolutions by focusing ions with the same exact masses but different translational energies once 

between the ion source and the magnetic sector and once after the magnetic but before the 

detector.  This allows for much greater selectivity of mass fragments and the resolution of 

compounds with the same nominal mass but different exact masses. 
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2. MATERIALS AND METHODS 

2.1 SAMPLING AND SAMPLE SITES 
 

Bulk atmospheric deposition samples were taken using a borosilicate glass funnel, 25 cm in 

diameter (0.049 m
2
), fitted onto a cartridge containing 15g of Amberlite IRA 743 obtained from 

Sigma Aldrich (see section 1.3.1 and ref [28]).  Before use, Amberlite was cleaned by Soxhlet 

using acetone.  Samples were taken in parallel from two sites in northern Sweden from October 

2009 to November 2010.  The samplers were changed every two months by replacing the 

sampler, washing the funnel with acetone or methanol, and wiping it clean with a glass fiber 

filter.  The first site is a research station inside Abisko National Park near the Swedish border 

with Norway (latitude 68.3°N).  The second site is located approximately 60 km northwest of the 

city of Umeå in the Krycklan catchment (latitude 64.2°N).   Both of these sites can be described 

as pristine forest not near any major sources of the analytes, however, the Abisko site is within 

the Arctic Circle and also holds the designation as a national park.  Samplers were placed in open 

areas free from canopy cover at both sites, approximately two meters above the ground. 

2.2 EXTRACTION AND CLEAN UP 
 

Amberlite, the glass fiber filter used to wipe the funnel, glass wool, and any debris or bugs 

caught in the sampler were transferred to stainless steel 66 or 100 mL Dionex ASE cells fitted 

with a cellulose filter on the bottom end.  Any remaining space in the cell was filled with pre-

cleaned glass beads.  Two laboratory blanks of cleaned Amberlite were included, one for each 

batch of samples. Samples were spiked with surrogate standards listed in Table 1 below before 

extraction.  In addition to those listed in Table 1, samples were also spiked but not analyzed for 

PBDEs, dioxins, and various other CUPs. 

Table 1 - Surrogate standards used in this study 

Compound Class Type of labeling Amount added per 

sample (ng) 

p,p’-DDT Legacy 
13

C12 11.3 

lindane Legacy 
13

C6 16.9 

heptachlor-exo-epoxide Legacy 
13

C10 11.3 

Trans nonachlor Legacy 
13

C10 11.6 

PCBs 28, 52, 101, 118, 

138, 153, 180, 194, 

208, 209 

Legacy 
13

C12 0.8 
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trifluralin CUP D14 2 

endosulfan (α and β) CUP 
13

C9 11.3 

BTBPE NFR 
13

C12 1.3 

HBB NFR 
13

C6 1.3 

 

A Dionex ASE 350 was used to extract the samples.  Samples were extracted at 75º C using 

50:50 hexane:acetone for three static cycles of five minutes each, flushing with 150% volume, 

and purging with nitrogen gas for 120 s.  This method was chosen because the extraction 

efficiency has been reported to be high using XAD-2 for a number of organochlorine pesticides 

[36].  Co-extracted water residues were liquid-liquid extracted thrice with 20 mL of hexane.   

Clean up and fractionation was accomplished using five grams of one percent deactivated 

Florisil eluted with 170 mL of 60:40 dichloromethane (DCM):hexane (fraction 1) and then with 

56 mL methanol (fraction 2).  The first fraction contained all analytes except more polar CUPs 

(the CUPs discussed in this paper were eluted in fraction 1).  The methanol fractions containing 

the polar CUPs were sent to Uppsala University to be analyzed using liquid chromatography 

methods more suitable for polar compounds.  This method was developed based on the 

knowledge that when using 5g of one percent deactivated Florisil, 150 mL of 60:40 

DCM:hexane is required to elute all dioxins [37].  It had been determined that all compound in 

fraction 1 could be resolved by GC-HRMS, so further fractionation was unnecessary.  Dioxins 

and PBDEs from these samples will be analyzed in the future. 

Fraction 1 was reduced in volume to approximately 1 mL using a roto-evaporator and then to 

approximately 200 µL under a gentle nitrogen stream.  It was then transferred to GC vials 

containing recovery standards 
13

C12 CB 97 and 188 (50 µL, 14 pg/µL).  The final sample volume 

was reduced to approximately 40 – 50 µL under a gentle nitrogen stream. 

2.3 INSTRUMENTAL ANALYSIS 
 

Samples were analyzed using a Hewlett Packard gas chromatograph connected to an Agilent 

double-focusing magnetic sector HRMS.  The GC was equipped with a 30m DB-5 column (J&W 

Scientific, Agilent Technologies; i.d. 250 µm; film thickness 0.25 µm).  Injection was done in 

splitless mode at 250º C.  The initial oven temperature was 90ºC , held for one minute, increased 

15ºC/min to 160ºC, then increased 3ºC/min to 240ºC, then increased 20ºC/min to 310ºC and held 

for 16 minutes.  The ionization chamber was set to 250 ºC and the detector on the HRMS was set 

to 350ºC.  Electron impact (EI) ionization was used at 35 eV.  The descriptor with exact masses 

of compounds can be found in Appendix A.  The two largest peaks from each analyte’s EI 

spectra were monitored, the largest of which was used for quantification.  Compounds were 
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identified by both relative retention times and a ratio of the two peaks within ± 20 percent of the 

ratio observed in the standard.  All samples were blank corrected. 

Analytes were quantified using a quantitation standard that was run before and after the samples.  

The quantitation standard contained known amounts of all analytes as well as the exact same 

amount of surrogate and recovery standards that were added to the samples.  Peaks from the two 

runs were averaged and the analytes were quantified using the following equation: 

  3)                  
                 

           
 

Where Pa,s is the peak area of the analyte in the sample; Pss,qs is the peak area of the surrogate 

standard in the quantitation standard; Ma,qs is the mass (in ng) of the analyte in the standard vial; 

Pa,qs is the peak area of the analyte in the quantitation standard; and Pss,s is the peak area of the 

surrogate standard in the sample.  Recoveries were calculated using the following equation: 

4)                   
            

            
 

Where Prs,qs is the peak area of the recovery standard in the quantitative standard and Prs,s is 

the peak area of the recovery standard in the sample. 

3. RESULTS AND DISCUSSION 
 

Raw data from all samples are displayed in Appendix B.  Four out of the six NFRs and all three 

CUPs were identified in at least some of the samples.  DPTE and TBB were never detected and 

endosulfan was only detected in two samples but its metabolite, endosulfan sulfate, was detected 

in numerous samples.  Tables 2a and 2b below summarize the findings of NFRs and CUPs at 

each sampling site.  The sample from April-May 2010 from Krycklan inexplicably came up 

blank, not even showing peaks for the recovery standards. 

Table 2a - NFRs and CUPs quantified at the Abisko site expressed in average pg m-2 day-1.  DNQ = detected but not 

quantified, ND = not detected.  *Quantified for comparison even though recoveries of the labeled surrogate standards 

were less than 50 percent (see table 4), Dechlorane Plus was quantified using PCB 208 to estimate recovery 

 2009 2010 2010 2010 2010 2010 2010 

 Oct-Nov Dec-Jan Feb-Mar April-May June-July Aug-Sept Oct-Nov 

Trifluralin 78 ND ND 20 ND 11 13 

Chlorothalonil 37 13 ND ND ND 15 ND 

α-Endosulfan ND DNQ ND ND ND ND ND 

β-Endosulfan ND ND ND ND ND ND ND 

Endosulfan 
sulfate ND 25 19 36 ND 82 43 

α-TBECH ND ND ND 43 96 20 17 

β-TBECH ND ND ND 16 94 ND 11 

HBB* 40 ND 57 17 77 9 16 
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BTBPE* 13 26 31 196 94 29 25 

Dechlorane Plus 
Syn* 226 834 1904 626 1129 510 4174 

Dechlorane Plus 
Anti* 128 291 541 296 366 115 708 

 

Table 2b - NFRs and CUPs quantified at the Krycklan site expressed in average pg m-2 day-1  *Quantified for comparison 

even though recoveries were less than 50 percent, Dechlorane Plus was quantified using PCB 208 to estimate recovery 

 2009 2010 2010 2010 2010 2010 

 Oct-Nov Dec-Jan Feb-Mar April-May June-July Aug-Sept 

Trifluralin 117 34 21 - 26 24 

Chlorothalonil ND ND ND - 12 ND 

α-Endosulfan* 114 ND ND - ND ND 

β-Endosulfan ND ND ND - ND ND 

Endosulfan 
sulfate 62 ND 75 - 195 94 

α-TBECH ND 113 227 - 126 17 

β-TBECH ND 99 129 - 98 14 

HBB* 41 105 61 - 141 64 

BTBPE* 163 218 51 - 87 44 

Dechlorane 
Plus Syn* 44 480 71 - 219 20 

Dechlorane 
Plus Anti* 92 363 267 - 410 42 

 

Dechlorane Plus showed different proportions of the two isomers consistently at the two 

sampling sites.  In Abisko, the syn isomer consisted of 75 percent of the total DP on average 

whereas the average at the Krycklan site was only 35 percent.  The Krycklan site showed a 

similar composition to technical DP which indicates that it is closer to a source of DP and does 

not undergo isomer selective degradation that has been correlated with increasing latitudes [23]. 

Legacy compounds were detected in comparable quantities to other studies; however, methods 

for measuring atmospheric deposition of POPs are far from standardized.  This study was 

compared with two others: one from the Swedish Environmental Research Institute (IVL) [38] 

and one from Environment Canada and the US EPA [39]. Table 3 below compares the data from 

the two sites in this study (Krycklan and Abisko) with two sites in Sweden and Finland from ref 

[38] and five sites from ref [39] around the Great Lakes in North America.  For summary, the 

data is expressed as a yearly flux (ng m
-2

 year
-1

) and expressed as an average ± standard deviation 

over all the years of the other studies.  It should be noted that these studies differ not only in 

location but also in time and method of sampling.  The most notable differences are in the levels 

of lower chlorinated PCBs.  This study showed much higher levels of congeners 28, 52, and 101 

but more similar levels of the others.   
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Table 3 - Comparison of legacies measured in this study to two other studies at seven different locations over several 

years.  Data is in average ng m-2 year-1 ± standard deviation. 

Reference 
This Study (2009 to 

2010) 
Ref [38] (1996 to 

2005) 
Ref [39] (years 1992 - 2005) 

Sampling 
Site 

Abisko Krycklan 
Råö, 

Sweden 
Pallas, 
Finland 

Lake 
Superior 

Lake 
Michigan 

Lake 
Huron 

Lake  
Erie 

Lake 
Ontario 

PCB28 803.3 297.9 59 ± 55 34 ± 43 - - - - - 

PCB52 792.1 149.5 65 ± 46 45 ± 29 38 ± 20 40 ± 18 95 ± 66 48 ± 19 133 ± 68 

PCB101 267.0 129.7 60 ± 34 31 ± 27 49 ± 24 35 ± 14 54 ± 42 47 ± 13 72 ± 26 

PCB118 48.7 20.2 39 ± 18 18 ± 12 - - - - - 

PCB153 151.7 74.6 103 ± 36 43 ± 46 - - - - - 

PCB138 97.1 60.4 112 ± 42 40 ± 50 - - - - - 

PCB180 82.3 289.6 81 ± 27 30 ± 39 - - - - - 

sum-7 
2242.1 1021.9 

477 ± 
183 

224 ± 
227 - - - - - 

Trans 
Chlordane 8.1 2.7 16 ± 13 11 ± 7 82 ± 166 150 ± 290 43 ± 60 

377 ± 
649 21 ± 16 

Cis 
Chlordane 7.6 4.0 13 ± 14 11 ± 7 48 ± 21 117 ± 71 16 ± 17 

239 ± 
187 

119 ± 
201 

Trans 
Nonachlor 5.1 4.0 12 ± 14 10 ± 5 13 ± 8 21 ± 29 20 ± 13 21 ± 15 24 ± 10 

α-HCH 
260.7 23.3 

190 ± 
134 

119 ± 
63 

523 ± 
251 536 ± 358 

1098 ± 
1007 

562 ± 
452 

1126 ± 
1015 

γ-HCH 
1301.3 115.4 

1005 ± 
963 

186 ± 
145 

466 ± 
302 649 ± 470 

1244 ± 
690 

548 ± 
367 

1200 ± 
646 

p,p'-DDT 
22.3 46.4 87 ± 52 32 ± 25 

113 ± 
191 199 ± 261 

135 ± 
206 

413 ± 
617 

191 ± 
187 

p,p'-DDE 
32.4 50.5 72 ± 41 26 ± 14 25 ± 14 51 ± 36 

91 ± 
100 89 ± 64 

212 ± 
157 

p,p'-DDD 
0.2 6.9 46 ± 38 22 ± 24 24 ± 53 62 ± 182 

39 ± 
115 34 ± 31 23 ± 19 

 

Large variance exists within the studies and among the studies, in both time and space.  The 

variance is likely to be caused both by actual variances in concentration of the compounds as 

well as sampling methods. 

Congener patterns for PCBs differed between the two sites as shown in Figures 6a and 6b.  

Abisko showed much larger contributions from lower chlorinated PCBs, especially 28 and 51, 

while Krycklan had high levels of PCB 180. 

 

Figure 6a - PCB congener pattern at Abisko 
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Figure 6b - PCB congener pattern at Krycklan. 

 

The method showed recoveries above 50 percent for most compounds, however, some 

compound recoveries were very low, namely endosulfan, HBB, BTBPE, lindane, and the higher 

chlorinated PCBs.  Table 4 displays the percent recovery of surrogate standards expressed as an 

average ± standard deviation for all samples. 

Table 4 - Percent recovery of surrogate standards expressed as average ± standard deviation 

Surrogate Standard Abisko Recoveries Krycklan Recoveries 

DDT 77 ± 36 40 ± 15 
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Lindane 31 ± 9 29 ± 10 

Heptochlor-epoxide 68 ± 24 66 ± 8 

Trans Nonachlor 75 ± 34 69 ± 15 

PCB28 87 ± 41 94 ± 16 

PCB52 73 ± 28 65 ± 21 

PCB101 77 ± 29 51 ± 22 

PCB118 82 ± 30 66 ± 9 

PCB153 96 ± 44 67 ± 13 

PCB138 87 ± 37 65 ± 18 

PCB180 64 ± 45 29 ± 19 

PCB 194 25 ± 18 2 ± 1 

PCB 208 40 ± 18 12 ± 6 

PCB 209 7.7 ± 8.2 0.5 ± 0.5 

α-Endosulfan 21 ± 10 23 ± 18 

β-Endosulfan 17 ± 9 24 ± 6 

BTBPE 33 ± 16 13 ± 3 

HBB 45 ± 21 20 ± 10 

Trifluralin 59 ± 24 51 ± 15 

 

Results from the blank samples are displayed in Appendix 3.  Generally, blanks contained mostly 

PCBs but at less than 10 percent of the sample levels.  Other trace compounds appeared at levels 

only a few percent of the samples.  The most problematic compounds in the blanks were HBB 

and CB 180.  HBB was quantified in blanks to be 25 percent of the sample concentrations on 

average.  CB 180 was low in the Abisko blank but was higher than most samples in the Krycklan 

blank.  There were no other significant differences between the two blanks so samples were 

blank corrected for CB 180 based on the Abisko blank level only, assuming that the anomalously 

high level in the Krycklan blank would result in an over-correction. 

4. CONCLUSIONS 
 

Several emerging pollutants have been identified in the arctic which are not recognized as 

common arctic pollutants and have never been identified in arctic atmospheric atmospheric 

deposition samples before.  New pollutants identified in this study are: trifluralin, chlorothalonil, 

TBECH, HBB, BTBPE, and DP.  Now that these compounds have demonstrated persistence and 

LRAT, more research must be done to understand the extent of their existence in the Arctic.  

Biological samples are needed to assess bioaccumulation and further laboratory tests should be 

conducted to better assess toxicity.  It is likely that more data will become available on these 

compounds in coming years. 

Along with the emerging compounds, a number of known arctic pollutants were quantified.  The 

concentrations of these compounds roughly fall into the range of other studies but broad 

conclusions should not be drawn due the variability of the data.  Much of the variability can be 

attributed to differing sampling methods but studies also show great variability in space and 
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time.  To further understand and quantify the complex processes by which POPs are transferred 

from atmosphere to surface, more comparable data is required by standardizing sampling 

methods and analytical techniques. 

The method developed in this thesis is sufficient for many of the analytes, however, losses of 

some analytes need to be investigated.  Methods for cleaning Amberlite and XAD should be 

investigated further to rectify blank problems, especially for PCBs.  Alternatively, another 

absorbent should be used for sampling PCBs. 
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APPENDIX 1 – HRMS DESCRIPTOR WITH EXACT MASSES 
 

Compound Mass 1 Mass 2 

Ratio Mass 1: 
Mass 2 in 
Standard 

Retention 
Time in 

Standard 

Scanning from time 4:00 to 15:46 
   D14 trifluralin  267.0420 315.1270 1.67 10.18 

Trifluralin 264.1087 306.0702 1.79 10.33 

α-HCH 180.9379 182.9349 1.07 10.72 

β-HCH 180.9379 182.9349 1.08 11.77 

δ -HCH 180.9379 182.9349 1.06 12.97 

γ -HCH 180.9379 182.9349 1.08 11.96 
13C6 lindane  186.9580 188.9550 1.04 11.95 

Chlorothalonil 263.8816 265.8786 0.80 13.20 

PCB 28 255.9613 257.9584 1.03 14.43 
13C12 PCB 28 268.0016 269.9987 1.20 14.42 

Heptachlor 271.8102 273.8072 1.27 15.06 

Scanning from time 15:46 to 19:41 
   PCB 52  289.9224 291.9194 0.78 16.09 

13C12 PCB 52 301.9627 303.9597 0.80 16.08 

α-TBECH  264.9228 266.9208 0.30 17.38 

β-TBECH 264.9228 266.9208 0.31 17.69 

Heptachlor-exo-epoxide 352.8442 354.8413 1.26 18.79 
13C10 heptachlor exo-
epoxide 362.8778 364.8749 1.30 18.76 

Oxychlordane 386.8052 388.8023 1.00 18.85 

Scanning from time 19:41 to 24:31 
   Trans- chlordane 372.8260 374.8230 1.12 20.08 

o,p-DDE 246.0003 247.9973 1.37 20.53 

PCB 101 325.8804 327.8775 1.54 20.68 
13C12 PCB 101 337.9207 339.9178 1.56 20.67 

α-Endosulfan 194.9480 240.9040 1.08 20.70 

β-Endosulfan 194.9480 240.9040 1.59 23.87 

13C9 α-Endosulfan 200.9681 247.9275 0.95 20.69 
13C9 β-Endosulfan 200.9681 247.9275 1.64 23.86 

cis-chlordane 372.8260 374.8230 1.10 20.92 

trans-nonachlor 406.7870 408.7840 0.93 21.21 
13C10 trans-nonachlor 416.8206 418.8176 0.93 21.19 
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13C12 PCB 97 337.9207 339.9178 1.61 21.82 

p,p’-DDE 246.0003 247.9973 1.37 22.35 

o,p’-DDD 235.0081 237.0052 1.43 22.76 

PCB 118  325.8804 327.8775 1.52 24.20 

13C12 PCB 118 337.9207 339.9178 1.56 24.17 

Scanning from time 24:31 to 28:00 
   p,p’-DDD 235.0081 237.0052 1.53 24.73 

cis-nonachlor 406.7870 408.7840 0.92 24.72 

o,p’ -DDT 235.0081 237.0052 1.47 24.84 
13C12 PCB 188 405.8428 407.8398 1.08 25.06 

PCB 153 359.8415 361.8385 1.25 25.52 
13C12 PCB 28 371.8818 373.8788 1.33 25.51 

Endosulfan sulfate 271.8102 273.8072 1.21 26.36 

p,p’-DDT 235.0081 237.0052 1.75 26.87 
13C12 p,p’-DDT  247.0484 249.0460 1.56 26.86 

PCB 138  359.8415 361.8385 1.25 27.08 

13C12 PCB 138 371.8818 373.8788 1.34 27.06 

Scanning from time 28:00 to 52:00 
   DPTE 329.7891 331.7870 1.04 28.84 

HBB 549.5059 551.5039 0.80 29.32 

IS HBB 555.5261 557.5240 1.80 29.31 

PCB 180  393.8025 395.7995 1.06 30.71 
13C12 PCB 180 405.8428 407.8398 1.03 30.69 
13C12 PCB 208 473.7648 475.7619 0.81 33.19 

13C12 PCB 194 439.8038 441.8008 0.91 33.70 

TBB 420.6720 422.6699 1.55 34.28 

BTBPE 356.8124 358.7928 0.32 39.07 
13C12 BTBPE 362.8326 364.8129 0.28 39.05 
13C12 PCB 209 509.7229 511.7199 1.24 34.96 

Syn Dechlorane Plus  271.8102 273.8072 1.32 40.96 

Anti Dechlorane Plus  271.8102 273.8072 1.31 41.75 
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APPENDIX 2 – RAW DATA FROM ABISKO (NG/SAMPLE) 

 
2009 2010 2010 2010 2010 2010 2010 

 
Oct-Nov Dec-Jan 

Feb-
Mar 

April-
May 

June-
July 

Aug-
Sept Oct-Nov 

Trifluralin 0.23 ND ND 0.06 ND 0.03 0.04 

α-HCH 1.55 0.71 0.31 2.37 6.89 2.06 1.04 

β-HCH ND ND ND 0.51 ND ND ND 

δ-HCH ND ND ND ND ND ND ND 

γ-HCH 4.30 2.15 1.05 10.65 41.20 9.07 6.11 

Chlorothalonil 0.11 0.04 ND ND ND 0.04 ND 

PCB 28 8.58 2.72 1.26 2.98 25.23 3.37 1.87 

Heptachlor ND ND ND 0.07 0.38 0.13 0.06 

PCB 52  3.28 1.69 1.09 5.24 25.96 5.53 2.57 

α-TBECH  ND ND ND 0.13 0.29 0.06 0.05 

β-TBECH ND ND ND 0.05 0.28 ND 0.03 
Heptachlor-exo-
epoxide 0.05 0.05 ND 0.05 ND 0.04 0.01 

Oxychlordane ND ND ND ND ND ND ND 

Trans- chlordane 0.05 0.01 0.04 0.04 0.24 0.05 0.03 

o,p’-DDE ND ND ND 0.08 0.14 0.04 0.02 

PCB 101 1.26 0.94 0.67 1.80 8.05 1.64 0.92 

α-Endosulfan ND 2.60 ND ND ND ND ND 

β-Endosulfan ND ND ND ND ND ND ND 

Cis Chlrodan 0.06 0.06 0.03 0.04 0.18 0.04 0.02 

trans-nonachlor 0.06 ND 0.04 0.03 0.12 0.04 0.01 

p,p’-DDE 0.36 ND 0.09 0.43 0.64 0.23 0.10 

o,p’-DDD ND ND ND 0.13 0.06 ND ND 

PCB 118  0.35 0.18 0.19 0.42 1.21 0.29 0.16 

p,p’-DDD ND ND ND ND ND ND 0.01 

cis-nonachlor ND ND ND 0.01 ND 0.01 ND 

o,p’--DDT 0.28 ND ND ND 0.29 0.08 ND 

PCB 153 1.91 0.73 0.93 0.79 3.01 0.84 0.47 

Endosulfan sulfate ND 0.08 0.06 0.12 ND 0.25 0.14 

p,p’-DDT 0.39 ND ND 0.14 0.48 0.17 0.10 

PCB 138  1.12 0.50 0.58 0.56 1.93 0.54 0.33 

DPTE ND ND ND ND ND ND ND 

HBB 0.12 ND 0.17 0.05 0.23 0.03 0.05 

PCB 180  2.45 0.55 0.49 0.23 0.61 0.22 0.16 

TBB ND ND ND ND ND ND ND 

BTBPE 0.04 0.08 0.09 0.59 0.28 0.09 0.08 

Syn Dechlorane Plus  0.68 2.50 5.71 1.88 3.39 1.53 12.52 

Anti Dechlorane Plus  0.38 0.87 1.62 0.89 1.10 0.34 2.12 
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APPENDIX 2 – RAW DATA FROM KRYCKLAN (NG/SAMPLE) 

 
2009 2010 2010 2010 2010 2010 

 
Oct-Nov Dec-Jan 

Feb-
Mar 

April-
May 

June-
July 

Aug-
Sept 

Trifluralin 0.35 0.10 0.06 - 0.08 0.07 

α-HCH 0.25 0.20 0.07 - 0.31 0.10 

β-HCH 0.26 0.21 ND - 0.95 0.16 

δ-HCH ND ND ND - ND ND 

γ-HCH 0.50 1.45 0.97 - 1.43 0.30 

Chlorothalonil ND ND ND - 0.04 ND 

PCB 28 0.27 3.07 5.01 - 3.26 0.41 

Heptachlor 0.01 0.03 0.04 - 0.03 0.01 

PCB 52  0.27 1.56 2.24 - 1.40 0.56 

α-TBECH  ND 0.34 0.68 - 0.38 0.05 

β-TBECH ND 0.30 0.39 - 0.29 0.04 

Heptachlor-exo-epoxide 0.16 0.06 0.08 - 0.09 0.03 

Oxychlordane ND ND ND - ND ND 

Trans- chlordane 0.05 ND 0.02 - 0.02 0.01 

o,p’-DDE ND ND 0.05 - 0.05 ND 

PCB 101 0.57 1.26 1.42 - 1.51 0.49 

α-Endosulfan 0.34 ND ND - ND ND 

β-Endosulfan ND ND ND - ND ND 

Cis Chlrodan 0.04 0.03 0.04 - 0.03 0.02 

trans-nonachlor 0.04 0.04 0.05 - 0.03 0.01 

p,p’-DDE 0.24 0.50 0.78 - 0.43 0.09 

o,p’-DDD ND 0.05 0.05 - 0.06 ND 

PCB 118  0.12 0.21 0.22 - 0.20 0.07 

p,p’-DDD ND ND ND - 0.17 ND 

cis-nonachlor 0.002 0.004 0.004 - 0.003 0.001 

o,p’--DDT 0.12 ND 0.32 - 0.57 0.11 

PCB 153 0.49 0.53 0.68 - 0.92 0.39 

Endosulfan sulfate 0.18 ND 0.22 - 0.58 0.28 

p,p’-DDT 0.34 0.26 0.16 - 1.05 0.07 

PCB 138  0.35 0.57 0.65 - 0.61 0.26 

DPTE ND ND ND - ND ND 

HBB 0.12 0.31 0.18 - 0.42 0.19 

PCB 180  ND ND 2.01 - 2.35 4.56 

TBB ND ND ND - ND ND 

BTBPE 0.49 0.65 0.15 - 0.26 0.13 

Syn Dechlorane Plus  0.13 1.44 0.21 - 0.66 0.06 

Anti Dechlorane Plus  0.27 1.09 0.80 - 1.23 0.13 
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APPENDIX 3 – BLANK DATA (NG/SAMPLE) 

 
Abisko Krycklan Average 

Avg 
percentage 
of sample 

Avg 
percentage 
of sample 

    
Abisko Krycklan 

Trifluralin 0 0 0 N/A N/A 

α-HCH 0.051 0 0.025 2.5 14.7 

β-HCH 0 0 0 N/A N/A 

δ-HCH 0 0 0 N/A N/A 

γ-HCH 0.090 0.017 0.054 1.5 7.4 

Chlorothalonil 0 0 0 N/A N/A 

PCB 28 0.034 0.049 0.042 1.4 5.2 

Heptachlor 0 0 0 N/A N/A 

PCB 52  0.075 0.080 0.077 2.8 9.5 

α-TBECH  0 0 0 N/A N/A 

β-TBECH 0 0 0 N/A N/A 

Heptachlor-exo-epoxide 0 0.004 0.002 7.2 2.9 

Oxychlordane 0 0 0 N/A N/A 

Trans- chlordane 0 0.001 0.001 1.7 2.9 

o,p’-DDE 0 0 0 N/A N/A 

PCB 101 0.058 0.055 0.056 4.4 6.2 

α-Endosulfan 0 0 0 N/A N/A 

β-Endosulfan 0 0 0 N/A N/A 

Cis Chlrodan 0 0.002 0.001 2.8 4.1 

trans-nonachlor 0 0.001 0.001 2.2 2.7 

p,p’-DDE 0 0 0 N/A N/A 

o,p’-DDD 0 0 0 N/A N/A 

PCB 118  0.011 0.007 0.009 3.4 6.4 

p,p’-DDD 0 0 0 N/A N/A 

cis-nonachlor 0 0 0 N/A N/A 

o,p’--DDT 0 0 0 N/A N/A 

PCB 153 0.057 0.043 0.050 5.3 8.3 

Endosulfan sulfate 0.016 0 0.008 7.0 2.9 

p,p’-DDT 0 0 0 N/A N/A 

PCB 138  0.040 0.030 0.035 5.6 7.5 

DPTE 0 0 0 N/A N/A 

HBB 0.036 0.039 0.038 33.6 15.2 
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PCB 180  0.070 1.752 0.911 16.5 3.5 

TBB 0 0 0 N/A N/A 

BTBPE 0.024 0 0.012 11.4 4.8 

Syn Dechlorane Plus  0 0.003 0.002 0.1 1.0 

Anti Dechlorane Plus  0 0.004 0.002 0.3 0.6 

 


